Abstract
The quartz monzodiorite of Mount Edith and the concentrically zoned intrusive suite of Boulder Baldy constitute the principal Late Cretaceous igneous intrusions hosted by Mesoproterozoic sedimentary rocks of the Newland Formation in the Big Belt Mountains, Montana. These calc-alkaline plutonic masses are manifestations of subduction-related magmatism that prevailed along the western edge of North America during the Cretaceous. Radiogenic isotope data for neodymium, strontium, and lead indicate that the petrogenesis of the associated magmas involved a combination of (1) sources that were compositionally heterogeneous at the scale of the geographically restricted intrusive rocks in the Big Belt Mountains and (2) variable contamination by crustal assimilants also having diverse isotopic compositions. Altered and mineralized rocks temporally, spatially, and genetically related to these intrusions manifest at least two isotopically distinct mineralizing events, both of which involve major inputs from spatially associated Late Cretaceous igneous rocks. Alteration and mineralization of rock associated with the intrusive suite of Boulder Baldy requires a component characterized by significantly more radiogenic strontium than that characteristic of the associated igneous rocks. However, the source of such a component was not identified in the Big Belt Mountains. Similarly, altered and mineralized rocks associated with the quartz monzodiorite of Mount Edith include a component characterized by significantly more radiogenic strontium and lead, particularly as defined by 207 Pb/ 204 Pb values. The source of this component appears to be fluids that equilibrated with proximal Newland Formation rocks. Oxygen isotope data for rocks of the intrusive suite of Boulder Baldy are similar to those of subduction-related magmatism that include mantle-derived components; oxygen isotope data for altered and mineralized equivalents are slightly lighter.
Introduction
The Big Belt Mountains in western Montana, about 50 kilometers (31 miles) southeast of Helena, host two areally significant Late Cretaceous plutons: (1) the intrusive suite of Boulder Baldy in the northern part of the Big Belt Mountains and (2) the quartz monzodiorite of Mount Edith in the southern part of the mountain range ( fig. 1 ). Geochemical and geologic relations suggest that these calc-alkaline intrusions are related to subduction and back-arc processes that prevailed along the late Mesozoic margin of western North America (du Bray and Snee, 2002) . The distribution, geochronology, and petrogenesis of these plutonic masses is thoroughly documented by du Bray (1995) and du Bray and Snee (2002) . The intrusive suite of Boulder Baldy constitutes a discontinuously compositionally zoned pluton, whereas the Mount Edith pluton is composed of relatively homogeneous quartz monzodiorite. The intrusive suite of Boulder Baldy consists of a core zone composed of biotite granodiorite, an intermediate zone composed of hornblende quartz monzodiorite, and an outer zone composed of variably altered granitoid rock whose primary composition is indeterminate. Geochemical compositions and petrographic characteristics of the intermediate zone of the intrusive suite of Boulder Baldy and the quartz monzodiorite of Mount Edith are similar. New 40 Ar/ 39 Ar geochronologic data suggest that magmas associated with both plutons solidified about 68 Ma (du Bray and Snee, 2002) , which is consistent with a 66.2±0.9 Ma U-Pb age for zircon from a sample of the intermediate zone of the intrusive suite of Boulder Baldy (Lund and others, 2002) .
Unusual textures, odd mineralogy, and erratic compositional variation in the outer part of the intrusive suite of Boulder Baldy reflect extensive hydrothermal alteration and recrystallization of granitoid rock by metal-bearing fluid. The distribution and character of small precious metal deposits and associated placer deposits are described by du Bray and Snee (1995) . These altered and mineralized rocks are important because they bear similarities to certain intrusions with associated gold deposits located elsewhere in the world (Lang and others, 2000) . Isotopic data presented in this report were obtained in order to constrain the source and character of fluids responsible for hydrothermal alteration and mineralization in the vicinity of these two plutons ( (From du Bray, 1995) . Sample numbers (at localities indicated by plus signs) must be prefaced by 202 to obtain complete designations. Only samples for which isotopic data have been obtained are shown. 
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Analytical Methods
Oxygen-stable isotope analyses were performed at the U.S. Geological Survey Stable Isotope Laboratory in Denver, Colorado. Several milligrams of powdered rock were digested using bromine pentafluoride and the oxygen generated was converted to carbon dioxide by reaction with carbon as described by Clayton and Mayeda (1963 Nd-enriched tracers and were digested in PFA-Teflon screw-cap bombs with hydrogen fluoride and nitric acid for a minimum of 48 hours at approximately 120 °C. Lead (Pb) was isolated first using anion exchange in 0.5N hydrobromic acid medium. Anion exchange, in a 7N nitric acid medium, was used to separate uranium (U) and thorium (Th). Rubidium (Rb), strontium (Sr), and a rare earth fraction were isolated using cation exchange in a 2.5N hydrochloric acid medium. Samarium (Sm) and neodymium (Nd) were separated from the rare earth fraction using cation exchange in 0.2M n-methyllactic acid. Blanks for the procedure were on the order of Pb-50 picograms (pg), U and Th-15 pg, Rb-40 pg, Sr-300 pg, Sm-50 pg, and Nd-300 pg.
Mass spectrometry for U, Th, and Pb was performed using either a VG Sector 54 seven-collector thermal ionization mass spectrometer or a VG54R single-collector mass spectrometer. Mass fractionation for Pb during mass spectrometry was monitored by replicate analyses using National Institute of Standards and Technology standard SRM-981-Common Lead Isotopic Standard (Cantanzaro and others, 1968; Todt and others, 1993) . A VG 54R single-collector mass spectrometer was used to analyze for Rb, Sr, Sm, and Nd. The Rb analysis was conducted using a triple rhenium filament technique, Sr was analyzed using a single oxidized tantalum filament, and Sm and Nd were determined using a triple filament technique with a rhenium ionizing filament and tantalum sample filaments. Data reduction was accomplished using the equations of Ludwig (1994) . Uncertainties in the data tables are at the 95 percent confidence interval.
Stable Isotope Data
Investigations by Taylor (1968) and Bindeman (2008) determined that most common, subduction-related igneous rocks whose petrogenesis includes significant mantle-derived inputs have delta-oxygen-18 (δ 18 O) values restricted to the 5-10 per mil range. Selected samples from the intrusive suite of Boulder Baldy for which oxygen isotope data are available have δ
18 O values within this range (table 2) . Two samples from the outer zone of the intrusive suite of Boulder Baldy that were identified as having been partly recrystallized and altered by hydrothermal fluids have subtly, but systematically, lower δ
18 O values than unaltered samples. Oxygen isotope data for these two samples are consistent with hydrothermal alteration and exchange with a fluid consisting of magmatic water with a minor component of meteoric water.
Radiogenic Isotope Data Local Systematics
Late Cretaceous igneous rocks in the Big Belt Mountains have surprisingly diverse radiogenic isotopic characteristics (tables 3 and 4). Given the proximity of plutons represented by the intrusive suite of Boulder Baldy and the quartz monzodiorite of Mount Edith, and therefore the likelihood that their associated magma reservoirs had similar sources and evolved by similar processes, their mutually distinctive isotopic compositions are noteworthy. Although the initial strontium isotope ratios (Sr i ) for these two sets of igneous rocks are similar, corresponding epsilon neodymium (ε Nd ) values are quite distinct ( fig. 2) fig. 3) .
In contrast, four mineralized samples from outcrops spatially associated with the intrusive suite of Boulder Baldy define an isotopically distinct mixing array. The ε Nd values for these samples are similar to those characteristic of the outer and intermediate zones of the intrusive suite of Boulder Baldy rocks; however, their Sr i values are significantly more radiogenic. The sample with the most radiogenic Sr (Sr i =0.718755) contains abundant secondary iron oxide coatings on fractures, whereas the single sample with a distinctly elevated ε Nd value (-9.76) is weakly altered granitoid rock similar to the quartz monzodiorite of Mount Edith; the sample's isotopic similarity, particularly the similarity of its Sr i values, to the quartz monzodiorite of Mount Edith corroborates its correlation with that pluton. The Nd, Sr, and Pb isotopic data for the four mineralized samples spatially associated with the intrusive suite of Boulder Baldy all consistently indicate that the hydrothermal alteration of the outer zone rocks contributed to the isotopic character of the spatially associated mineralized rocks. However, these isotopic values all indicate a source component that was not previously identified in the Big Belt Mountains.
Regional Isotopic Systematics
Radiogenic isotope data for intrusive rocks in the Big Belt Mountains underscore their relative uniqueness compared to other similarly aged Cretaceous intrusive rocks in Idaho and Montana. The Sr i values for the Big Belt rocks are more radiogenic than are the values for the island arc plutons of western Idaho and plutonic rocks of the Salmon River suture zone but are less radiogenic than Boulder and Idaho batholith rocks (fig. 4) Pb, values are less radiogenic than are those for most Late Cretaceous intrusive rocks in Idaho and Montana, which suggests that petrogenesis of the associated magmas involved greater subcontinental lithospheric mantlederived contributions and lesser crustal contamination.
Radiogenic isotope data for all altered and mineralized rocks in the Big Belt Mountains define two distinct mineralization events. Altered and mineralized rocks associated with the quartz monzodiorite of Mount Edith appear to represent a mixing array that reflects hydrothermal fluids dominated by inputs from the quartz monzodiorite but also involves a component that equilibrated with Newland Formation rocks. This mixing array depicts fluids relatively radiogenic with respect to ε Nd , Sr i , 207 
Pb/ 204
Pb, and to a lesser extent, 208 Pb/ 204 Pb. The other mixing array pertains to altered and mineralized rocks associated with the intrusive suite of Boulder Baldy. One end of this array is anchored by the isotopic compositions of samples from the outer zone of the intrusive suite of Boulder Baldy and extends, at ε Nd values that are much less radiogenic than those characteristic of the other alteration/mineralization mixing array, to more radiogenic Sr i values. The reservoir for these relatively low ε Nd but high Sr i fluids was not identified in the Big Belt Mountains. Only the mixing array associated with components derived from Newland Formation rocks is identifiable among initial lead isotopic values for altered and mineralized rocks in the Big Belt Mountains. 
